INTRODUCTION
============

A growing consensus in the biology education community calls for the transformation of undergraduate biology education ([@b2-jmbe-17-466], [@b7-jmbe-17-466]). One of the recommendations of reports such as the *Vision and Change* report ([@b2-jmbe-17-466]) is to expose undergraduate biology students to the process of science throughout the curriculum, including reading primary literature and analyzing experimental data. While biology majors are the primary focus of this transformation, biology courses are also foundational for several other majors, including allied health majors. These students will also benefit from increased exposure to data analysis, both to increase their scientific literacy as citizens and to support careers in allied health professions. Increasing undergraduate students' information literacy also supports the increasing emphasis on practicing evidence-based medicine ([@b1-jmbe-17-466]). A recent review of introductory biology textbooks demonstrates that relatively few experimental data figures are included ([@b8-jmbe-17-466]); although a similar analysis of figures in allied health microbiology textbooks was not found in a search of the current literature, similar trends are likely. Thus instructors must often supplement textbook figures with primary literature to expose students to experimental data.

Many models of introducing students to analysis of data from the primary literature have been published. These models range from using discussion of journal articles to underscore important concepts in the course ([@b3-jmbe-17-466]), to replacement of a laboratory section with article discussions ([@b10-jmbe-17-466]), to entire courses devoted to teaching students how to critically read and analyze primary journal articles ([@b4-jmbe-17-466]). The decision about how much time to devote to learning process skills such as data analysis must be weighed by the individual instructor and department. However, it is often not feasible for a course such as an allied health microbiology course to devote a significant portion of the laboratory section to data analysis and journal article discussion, nor is it always easy to introduce an additional course to another department's major. Giving students out-of-class assignments that require analysis of data from the primary literature is one way to introduce this skill without taking substantial time away from other course goals and content. However, it is important to assess whether this can have a positive impact on student skills. The current study used a small number of out-of-class assignments to build student skills in understanding and analyzing data figures from the primary literature. The effectiveness of this approach was assessed using a pre- and posttest of student data analysis skills.

PROCEDURE
=========

Students in our allied health microbiology class are typically second- or third-year pre-nursing students, with one nonmajors general biology and one nonmajors general chemistry class as prerequisites. Due to a rotation of teaching assignments, the author (K. Walton) taught the lecture and all lab sections in the first semester of this study; in the other two semesters included in this study, the author taught one or two lab sections of the course and a different instructor taught the lecture and one or two lab sections. The other instructor agreed to administer the assignments and pre- and posttests. All assignments, pretests, and posttests were graded by the author. This study was approved by the Missouri Western State University IRB (protocol \#783).

Assignments were designed to complement topics being covered in the lecture portion of the course at the time and were designed to build in complexity. The first assignment included questions about background information and one selected figure from a journal article (6; [Appendix 1](#s1-jmbe-17-466){ref-type="supplementary-material"}). The second assignment required students to interpret information in table format and read a short, clinically-oriented primary journal article with a flowchart and data tables (5; [Appendix 2](#s1-jmbe-17-466){ref-type="supplementary-material"}). The last assignment was adapted from a publicly available resource from NOVA and included several line graphs and a photograph of gel electrophoresis of polymerase chain reaction (PCR) products (11; [Appendix 3](#s1-jmbe-17-466){ref-type="supplementary-material"}). No class time was used to discuss the assignments once they were handed out, but students were encouraged to seek help from the instructor outside of class with any questions. They were given written feedback on the graded assignments, which were returned within a week. They were not directly tested on data analysis on exams or later course assessments. The pre- and posttest were adapted from a published, validated instrument for data analysis skills in molecular biology ([@b9-jmbe-17-466]). This multiple-choice format test was designed to include questions over a range of types of data, including line and bar graphs, gel images, and flowcharts using microbiology experiments as the context ([Appendix 4](#s1-jmbe-17-466){ref-type="supplementary-material"}). As an internal control, several questions were included that did not directly relate to the assignments given during the course. The pre- and posttests were given in the first and last weeks of the semester, respectively. Mean scores on the pre- and posttests and on individual questions were tested for statistically significant differences by a paired *t*-test.

Across three different semesters, mean student scores on the data analysis pretest were near 50% ([Fig. 1](#f1-jmbe-17-466){ref-type="fig"}). Mean posttest scores improved by 7.9 to 9.3% (*p* \< 0.05 for each semester by paired *t*-test). [Figure 2](#f2-jmbe-17-466){ref-type="fig"} shows the pre- and posttest scores on the 15 individual questions for a typical semester (fall 2010). Similar trends were observed in the individual question scores from the other semesters. Interestingly, the questions that consistently showed the greatest increase in correct responses were one question testing higher-level skills in predicting an appropriate follow-up experiment and two questions involving correct interpretation of a flow diagram. Both of these types of questions directly related to the types of data and questions asked in the assignments. Several questions showed little change in the number of correct responses between the pre- and posttest; most notably questions 1 to 3, which tested students' understanding of simple line graphs. Students typically scored well (≥71% for all three questions across all three semesters) on these questions in both the pre- and the posttest.

![Data analysis test scores improve from pretest to posttest. Mean pre- and posttest percentage scores on the 15-question data analysis test. Data from 3 different semesters are shown. *n* = 51 to 75 respondents in each group. \**p* \< 0.05 versus pretest scores for the same semester.](jmbe-17-466f1){#f1-jmbe-17-466}

![Scores on individual questions showed variable improvement. Pre- and posttest percentage scores for individual questions for the fall 2010 semester. Similar trends were seen in the other two semesters included in this study. *n* = 54 students.](jmbe-17-466f2){#f2-jmbe-17-466}

CONCLUSION
==========

Incorporating an additional pedagogical goal into a course often presents a challenge: if there is no additional time added to the course, the instructor must either take time away from other course goals or use strategies that can address the new goal without taking a significant amount of course time. This study provides evidence that a small number of assignments involving data analysis can result in measurable gains in student skills in this area. In addition, the data analysis test designed for this study is challenging for students at this level, but can measure improvement in data analysis skills related to the assignments used.

SUPPLEMENTAL MATERIALS
======================

###### 

Appendix 1: Botulism case study

Appendix 2: Handwashing case study

Appendix 3: Antibiotic resistance case study

Appendix 4: Data analysis test
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